The objective of the present study was to improve the detection of B. abortus by PCR in organs of aborted fetuses from infected cows, an important mechanism to find infected herds on the eradication phase of the program. So, different DNA extraction protocols were compared, focusing the PCR detection of B.
INTRODUCTION
Brucellosis, caused by Brucella abortus, is one of the most wide-spread zoonosis in the world (3) . In bovines the disease is related to reproductive problems, with reduction of *Corresponding Author. Mailing address: Departamento de Medicina Veterinária Preventiva e Saúde Animal, Faculdade de Medicina Veterinária e Zootecnia, Universidade de São Paulo -Av. Prof. Dr. Orlando Marques de Paiva, 87, Cidade Universitária, CEP 05508-270, São Paulo, SP, Brasil. Email: jsoares@vps.fmvz.usp.br meat and milk production, while in humans it causes unspecific symptoms of generalized infection (18) .
Classically, direct diagnosis is performed by cultivation in artificial media, with posterior identification of the isolates by its morphology and growth characteristics of the colonies, biochemical tests and phagotyping (18) . Disadvantages of these procedures are the high costs, time necessary for growth and identification of the isolates, apart from high risk for personnel (10) .
An alternative to the classic bacteriological methods is the Polimerase Chain Reaction (PCR), where a specific fragment of the bacterial DNA present in the sample is detected (18) . However, few studies have been performed with field samples to evaluate this diagnostic method for brucellosis (13) .
Although PCR is a diagnostic procedure that is known to have advantages of being fast, highly specific and sensitive (4, 9, 14) , in some cases it may show low sensitivity due to the presence of factors inhibiting amplification of the DNA, like serum proteins, somatic cell debris, polysaccharides and other components of body tissues and fluids (23) . These inhibiting factors are the main cause of false negative results.
In the context of a surveillance system for bovine brucellosis, one possibility of detecting infected herds is via bacteriological analysis of aborted fetuses (18) . The best samples for isolation of Brucella spp from bovine fetuses are abomasal liquid, rectal swab, bronchial lymph nodes, lung, liver and spleen (19) . These samples, especially organ homogenates, are subject to inhibitors of DNA amplification (23) . The solution for this problem, diminishing the number of false negative results to PCR, can be the protocol for DNA extraction.
There are some promising DNA extraction protocols for B. abortus PCR diagnosis in organs. The method that uses proteinase K (pK) to promote the cellular lysis, proposed to detect B. mellitensis in blood samples of goats (15) , showed a good sensitivity to diagnose brucellosis in samples of bovine abortions artificially contaminated (8) . The protocol that uses guanidine-isotiocianate (GT) to promote the cellular lysis and the nucleic acids purification is practical, fast and allows simultaneous isolation of RNA, DNA and proteins from cells and tissue samples (7) . The method proposed by Boom and colleagues (2) , also based on the use of guanidineisotiocianate, but combined with the chelanting action of diatomaceous earth, is simple, fast and reliable to the purification of DNA and RNA from human serum and urine 
MATERIAL AND METHODS

Samples and experimental design
The positive and negative gold standard groups were amplification products were analyzed using electrophoresis in an agarose gel containing 1.5% ethidium bromide at 0.5µg/mL and subsequent observation using an ultraviolet transilluminator.
Data Analysis
For each of the protocols, relative sensitivity and its confidence interval were calculated considering isolation or experimental inoculation as gold standard. Proportions were compared using a Chi-square test. Calculations were carried out with the Epi Info 6.0 and Med Calc 8.2 programs. Table 1 Table 2 shows results from PCR following the three DNA extraction protocols, compared with those obtained for isolation using classical bacteriology, for the organ samples. Tables 4 and 5 were elaborated. Table 4 shows the results from PCR for the three DNA extraction protocols and Table   5 presents the values of relative sensitivity.
RESULTS
Considering Table 4 There was no difference between the pK and GT protocols (p=0.5).
DISCUSSION
The lowest threshold concentration for detection of B.
abortus was verified for the pK protocol (1.5 x 10 -2 bacteria/mL), followed by Boom (1.5 x 10 1 bacteria/mL) and GT (1.5 x 10 5 bacteria/mL) ( Table 1 ). These results indicate that the pK protocol detected B. abortus in a dilution containing 0.015 bacteria/mL, which is not feasible. This was probably the consequence of the low precision of quantification using the McFarland scale. In fact, the CFU count obtained from the bacterial suspensions showed a number always higher than expected from the scale. Apart from that, it is reasonable to suppose that there are CFU produced by more than one bacterial cell. Thus, the
McFarland scale and the CFU counts under-quantified the number of bacilli present in the suspensions. Table 5 . Relative sensitivity (rS) for different DNA extraction protocols used in Brucella abortus PCR detection in organs of aborted fetuses and calves born from cows experimentally infected.
DNA extraction protocol Organs
PK GT BOOM Accumulated results Considering classic bacteriological isolation as gold standard, the relative sensitivity of PCR reached 100% for any tested DNA extraction protocols only for spleen samples (Table 3) . For the organs, the highest value of relative sensitivity was found for the spleen, followed by the lung, liver, and bronchial lymph node (Table 3 ). The accumulated results for organs, presented in Table 2 , show that the proportion of positive PCR results for spleen was significantly higher than the bronchial lymph node (p=0.01) or liver (p=0.05), and equal to the lung (p=0.25). When the experimental infection is considered as gold standard, the highest value of relative sensitivity was observed for the lung, followed by the spleen, liver, and bronchial lymph node ( Table 5 ). The accumulated results for organs, presented in Table 4 , show that the proportion of PCR positive results for the lungs was significantly higher than the livers (p=0.04) or bronchial lymph nodes (p=0.004), and equal to the spleens (p=0.18). Thus, the best organs to detect B. abortus using PCR in aborted fetuses or calves born from infected cows were lung and spleen.
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Considering isolation as gold standard, the pK DNA extraction protocol presented the highest value of relative sensitivity, followed by Boom and GT (Table 3) . However, there were no statistically significant differences among proportions of positive PCR results. Cortez et al. (8) , stated that the pK protocol was effective in extracting DNA of B.
abortus. Interestingly, some of the 43 samples with positive results for isolation showed negative results for PCR: 2 for pK, 6 for GT and 5 for Boom (Table 2) . When the experimental infection is considered as gold standard, the Boom DNA extraction protocol presented the highest value for relative sensitivity, followed by pK and GT (Table 5 ).
The accumulated results for DNA extraction protocol, presented in Table 4 , show that the proportion of positive PCR results for the Boom protocol was significantly higher than pK (p<0.0001) and GT (p=0.0004). There was no difference between the pK and GT protocols (p=0.5).
Ribeiro ( 
Unspecificity was only reported for human infection with
Ochrobactrum anthropi (5, 6, 12, 16) .
For B. abortus PCR detection in homogenized organ samples from aborted fetuses or calves born from infected cows, these results allow concluding that: 1) the lung and spleen presented higher probability of success than liver and bronchial lymph node, 2) the DNA extraction protocol influences the sensitivity of the PCR and the best one was the so-called Boom protocol.
Thus, in spite of the disadvantages of the classical bacteriologic methods, the best strategy to investigate B.
abortus in tissues of aborted fetuses or born calves of infected cows is the parallel use of isolation and PCR, using the Boom protocol for the DNA extraction.
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